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This invention relates to polymerizable isocyanato
esters of acrylic acid, methacrylic acid, «-chloroacrylic
acid and crotomc acid, all of which esters have the general
formula

Z—COO—A—NCO

in which A represents an alkylene group, CuHan, in which
n is an integer having a value of 2 to 14 inclusive, and
in which Z represents the following groups: CHz=CH—;

CH:;=C(CHs)~; CH2=C(Cl)—; and CHsCH=CH—.

This invention also relates to the polymers of these isocy-
anato esters and -to the copolymers of these esters and
other copolymerizable compounds which contain at least
one vinylidene group, CHz=C<.

Esters having the above general formula undergo addi-
tion polymerization, particularly in the presence of a free-
radical catalyst, and thereby form soluble, thermoplastic,
resinous polymers of high molecular weight which con-
tain a plurality of reactive isocyanate groups. The isocy-
anate groups in the polymers can, in turn, react with com-
pounds containing, for example, amino, hydroxyl, mer-
capto or carboxyl groups, all of which groups contain re-
active hydrogen atoms. In this way a widé variety of sub-
stituent groups can be added to the resinous molecules
which increase the uses of the polymers. Furthermore,
the isocyanate groups in the polymers are reactive with
the hydroxyl or amino groups of carbohydrates, including
cellulosic compounds, and of proteinaceous materials
such as proteins per se and wool. Thus, the isocyanato
polyesters serve to cross-link the molecules and greatly
alter the physical and chemical properties of the carbo-
hydrates and proteinaceous materials. Wool is readily
altered and is rendered very resistant to shrinkage by treat-
ment with the polymeric isocyanato esters of this inven-
tion since a frue chemical reaction, involving the isocy-
anate groups, takes place between the polymer and the
wool, as a result of which the wool and the polymer be-
come chemically joined.

Not only do the polymeric 1socyanato esters serve as

cross-linking agents for other materials containing - a
plurality of reactive hydrogen atoms, but they can, them-

selves, be cross-linked and thus rendered substantially .

insoluble and infusible. For this purpose, compounds
containing two or more active hydrogen atoms, such as
polyamines, polyhydric alcohols, amino alcohols and poly-
carboxylic acids are employed. Examples of these in-
clude ethylenediamine, diethylenetriamine, triethylene-
tetramine, ethylene glycol, polyethylene glycols such ‘as
triethylene glycol, glycerol, pentaerythritol, sorbitol, man-

nito, oxalic acid, adipic acid, ethanolamine, diethanol--
The polymeric isocyanato .

amine and propanolamine.
esters also react with the free hydroxyl or carboxyl groups
of alkyd resins thus giving rise to new cross-linked prod-
ucts.

The monomeric isocyanato esters of this invention can,

be made by a variety of ways, but the method ‘which has

proven to be eminently suitable involves the procedural |
steps which are represented by the following general -
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equations in which the various characters have the signi-
ficance described above and X is a halogen atom—pref-
erably a chlorine atom.

@

HO—A—NH:4-C1CO0CsHs —~—» HO—A—NHCO0OCsH;+HC!1

(amino
aleohol)

an
HO—A-NHCOOC:Hs+Z—CO0—X —
: (acid halide)
Z~C00—A—NHCOO Csz-i-HX
(III) Z—COO0—A—NHCOOC:Hs~>
Z—CO0O—A—NCO-+CzHs0H

This process may be more readily understood from the
following equations which show the preparation of one
particular isocyanato ester, namely pg-isocyanatoethyl
methacrylate:
HOC:HNH+CIC00CH; — HOCHNHCOO CzHri—HOl
HO C:HNHCOO0C:Hyt- CH=CCOCI ——b
H; . )
CHz=C—C 0 0—C:H;NHC 00 C:Hs}+HCI
. H; ’

cm—.:? COOC:H:NHCOOC:H; ——> °

CH;

(ethyl]
chloroformate)

CHF?_C 00—Cs;H~NC O+CzH50H
CH;

Step I of the process is best carried out by adding the
chloroformate slowly to a solution of the amino alcohol
in a solvent such as benzene, toluene, chloroform, meth-
anol or ethanol.”  An HCl-acceptor, such as sodium_ hy-
droxide, potassium carbonate, pyridine, triethylamine or -
the like, should be present and, to assure best results,.the
temperature should not risé above 80 C.—preferably not
above 60° C.—during the addition of the chloroformate.
The mixture is then heated, preferably at refluxing tem- '
perature, until the reaction is substantially complete, after
which the reaction product is freed of salt and solvent and
is used as such or is purified by distillation.

In the ‘second step of the process, represented by
Equation II, it is most desirable to employ an HCl- accep-'
tor. Here, however, the choice is more limited than in
the step of Equatlon I because various complications may
occur. Hence it is strongly recommended that acryloni-
trile be employed in order to take up the liberated HCI
and also to serve as a solvent for the reaction mixture.
When compared with other matenals, such as alkali metal
compounds, yndme and amines, acrylonitrile 1s surpris-
ingly superior in this step.

The hydroxycarbamate, prepared in step I, is dlssolved
in acrylonitrile and the acrylyl chloride, Z—COC], is
added. The mixture is heated to above 80° C. at which
point an exothermic reaction begins. After the exother-
mic reaction diminishes, the mixture is heated for a period
of a few hours at about 80° C. after which it is stripped
of acrylomtrlle and g-chloropropionitrile. The urethano
ester is purified, preferably by distillation: under reduced
pressure or can be used as such in the next step.

Another procedure for making the intermediate ure-
thano ester involves the reaction of an ester, Z—CQOQO—
alkyl and a chloroalcohol according to these equatlons
in which R”-is a lower alkyl group and MNCO is a
metallic isocyanate such as KNCO or NaNCO: '
Z—COO—R"4+-HO—A—Cl>

Z——COO—-—A—-—Cl+R"OH
Z—COO—A——CI+MNCO+C2H50H—>

Z—COO—A—NHCOOCsz—l—MCl

An example of this procedure is given later. Here the

...more readily available esters are eriployed instead of the.

acid halides. The process is, however, restrictéed for the



